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^ ^ The traditicmatl ^ ^ 

re^irationrphonati<Mi-articulat^.oiv-'resonat^ model of speech 
production idiich permeates introductory literature is not the only 
suii:able model of this process* -The pu^^ valve model, v^ch denves 
from the acoustic theory of speech production, is a viable 
alternative. . This never model is also ccmsistent with modern 
theories. It focuses npon the parallel mpchanisms within l^e overall 
system and suggests relationships between their activities and their 
consequent sound code product. The pump-valve model is particularly 
useful because it provides for a straightforward treatment pf the 
speech code. Each of the articulators is given equal weight^ and the 
functioning of one is^not emphasized lat the expense of others. The. 
treatment of prosodic or suprasegmental features sa<^ as pitch and 
^loudness may be deferred until the segmental features are coizsidered, 
or they may be omitted Centirely,^^^^^^^ v 
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Introduction : Our fundamental orientation to the processes of speech produc- 
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tion has been shaped by early presentations of relevant material organized in the 
framework of the traditional Respiration-'Phonation<-Articulation«-dnd«*Resonation 
structure. This familiar organization has been u^ed fn the most popular iritro-- 
ductory textbooks that deal v/ith normal structure and use of the spHcech mechanism 
(e.g./Gray and Wise, 1959; Judson and Weaver, 1965; Kaplan, 1971; Zenilin, I968; 
ect*). Accepted without question, the outline seems reasonable and has served the 
purposes of teachers, scientists^^^^ 

: Although never formal ly presented as a model, the traditional organization 
has been influencial and does suggest a particular orientation. Specifically, . 
byvlumping articulation and resonation together and by paying separate and more 
extensive attention to either phonation or respiration,- emphasis is placed on the 
latter at the expense of the former. Moreover, the laryngeal production of voicing 
is given special emphasis which leads to the widely accepted beliefs that the 
larynx is the only sound generator of the entire mechanism and that the only 
sound i t generates i s vo icing . A.l though wel 1 su i ted to the interests of the 
investigators and teachers of voice, such an attitude is not generally applicable 
nor can it be substantiated. As so many other trad it ions ,^ the Respiration* 
Phonati6n«*Articulation»dnd-*Resonation structure has been accepted intuitively 
without concern for justification. The organizational structure is treated as 
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an impUcit model in this paper^ because-it has served to orient our const dc rat ion 
of speech production and it has been influcncial. It is not, however^ the only 
appropriatenx>de1» useful alternatives are conceivable. 

Obviously, the larynx is e sound generator in the sense^that it interacts 
with the air flow of respiration to create a sound. In brief ^ the forces exerted 
by muscles located in the torso and neck are converted to sound energy • Further- 
more, the laryngeal mechanism is used to generate a quasi«*peribdic^^ complex Vrave 
which listeners recognize as voice. As so aptly dennonstrated by Gunnar Fant in 
hts classic Acoustic Theory of Speech Production (I960), however, the larynx is 
not the only source of sound in the speech mechanism nor is^i it 1 i^ited merely to 
the production of yoi^^^ sound sources and the 

quasi<-perlpdic complc^ vfiave is o it generates. 

Unfortunately, many of o^^ in the 

fieldiof speech lack suf^ background and training to fully com-^ ^ 

I prehend and apprecTate Fan^^^ the theory provides for V 

accurate and quantifiable predictions, we must rely on others for a translation 
into readily understdndable concepts. Several excellent contributions of this 
nature (notably Stevens and Ho^ 196i, and Liberman, 1972) have been made, but 
theyHare intentionally confined to a treatment of vowels. This allows for the 
Tntroduction of the major princi^ resonance as well as those of voice 

production, but it does not encompass the full scope of speech production, the 
Cesser known (but equally important) principles concerning consonant sources and 
filtering generally have been slighted. In this regard, Fant has demonstrated 
that acid it ional sound sources are used and that different principles of resonance^ 
do apply to the production of consonants, but the demonstration is highly technical. 
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Purpose: The purpose of this paper is to offer a perspective of speech pro- 
duction other than that provided by the. traditional Respiration-Phonation- 
Articulation-and-Resonation ModeU This is called the Pump-Valve Hodel and is 
thtended to represent the full scope of the Acoustic theory of Speech Production 
in terms simple enough -to'be understood by college sophomores. ^_ _ 

Description: In the Pump-Valve Model, the respiratory system is identified^ 
as the pump and fs treated in much the same way as in the traditional model* In 
addition, all the articulators are treated as valves, valves which close and open 
in various degrees; this includes the labial valve, the 1 inguaT valve, the velar 
valVe, as well as the laryngeal valve. Thus, not onlyi is the larynx treated as _ - 
an articulator. It also Is emphasized no more than the other articulators, and 
i ts rf unction of producihg sounds is recoghrzed. 

Three of the valves (viz i, the labial^ lingual and laryngeal valves) ^re sound 
generators. Each is capable of generating three kinds of sounds - a burst, noises 
or tone. There i^ not just one sound generator and that sound generator is not 
limited to a jingle type of sound. 

First let us cons idei^ the generation of a burst. In quiet breathing, the 
.respiratory pump' causes a flow of air thru the vocal cavities. Vfhen a valve 
closes, the flow of air is stopped and. the pump causfes an increase in pressure 
within the closed system* When the valve opens, a burst of pressure (or sound) 
is released, this can be accomplished by the lips in the production of the 
labial stops, by the tongue in the production of the alveolar and veolar stops^ 
and by the larynx in the production of the glottal stop. 



Secondly, let us consider the production of noises. In this instance, the 
^^l^® '^ not entirely closed but forms a very narrow constriction at s6fne point 
along the vocal tract. Directed through this najc row constriction by pumping 
act Tony the air flovy becomes turbulent within the constriction. Thfs turbulance ^ 
is a noise sound source. Such sounds can be created by the lips in the production 
of labip-dental fricatives, by the tongue in ,the production of lingua<-dehtal and 
1 ingua-olvcolar fricatives, and by the larynx in the production of the glottal 
fricative. In addition, of course, the lingual valve is capable fo producing 
foreign sounds such as velar, uvular, or pharyngeal fricatives. " 

The product idh of the third k^^^^ complex periodic wave has re- 

ceived cons idcra^ satisfactorily explained by the 

Myoeljas tic Aerodynamic ^^^^ Voice Product jon (van den Berg, I958, and 

Flanagan, 1958) V As with ^^^t^^^ the noise, the tbne is produced by the 

iht^Ka^tion of the puinp and t though the laryngeal valve is recognized 

as the. most ddept mechanisip for producing' tM^^^ of sound, it is necessary to 

indicate that the labial and the lingual vaives also are capable of producing 
such vibrations; Indeed, the basic principle of this theory can be and usually 
are illustrated by the "Bronx Cheer" in which the labial vibrations can be 
observed readily; with the appropriate degree of tension and opening, they are 
alternately sucked into the air stream and blov^n apart in the very same.way that 
the vocal folds interact with the afr stream to produce voicing. Similarly, the 
lingual valve can produce such a complex periodic in the production of a "rolled r, 
for example. Even the velar valvd (which is not ordinarily used for a sound source 
in speaking) seems capable of producing a quasa-'periodic signal when interacting 
with an inflow of air thru the nasal cavities, in particular, I am suggesting that 
snorjng may be expa lined by the Myoelastic Aerodynamic Theory. 



. Surely, my major point must be .evident by this time. The larynx is not the 
only sound generator in our speech system*. It is important to recognize, that the 
labial and lingual valves also are sound generators. These generators may operate 
sequential ly or simultaneously 3s they do in the production of voiced fricatives 
and voiced stops. Furthermore, voicing is but one of several types of sound 
produced by the larynx, it also produces both bursts and noises. Furthermore, 
all three types of sources are produced by the labial and lingual vatves as well. 

1 propose the Pump-Valve Model ^as an alternative to the tr iditional 
Respirdtipn«*Phohation-Articulatjdn**and«-Resonar in urder to offer a 

simple, fundamental explanation of speech production. Undoubtely, those having a 
primary Interest in laryngeal functioning wil 1 continue usihgthe tradit lonal 
model; it is welt suited to their purposes in that an emphasis is placed upon 
phonation. Others who are interested in'' the general articulatory process should 
find the Pump-Valve model v;ell suited to their purposes. This includes the 
investigators of normal articulatory functioning, clinicians whose most prevelant 
problem is mis-articulation, and practioners in general having a need to under- 
stand the speech code. 

As I have shown, the Pump- Valve Model derives from the Acoustic Theory of 
Speech Production. In addition, it is consistent with Distinctive Featur/ TheA^ 
and With modern theories of speech perception. ' 

Let us consider distinctive features first. From this perspective (Jakobson/ 
Fant and Halle, 1952), a siound is considered to be a bundle of features which 
occur simultaneously. A distinctive feature analysis suggests a parallel operation 
of the speech mechahism rather than a sequential one. For example, at the time 



th^tthe larynx generates a tone, the- lab la 1 , UnguaT and velar valves make 
adjustments which shape the vocal cavity configurations. Individual adjustments 
within the system are not entirely independent, but simultaneously the labial 
valve can open or close or be rouhded, the 1 i'ngual valve can produce a burst or 
nois^ on the alveolar ridge or the velum or it can assume a configuration necessary 
for a vbvvdl, the velar valve can open or close, and the laryngeal valve can pro- 
duce a to/ie, noise or burst, this simultaneous activity is consistent with 
simultaneous features \vhich are obtained from the composite product of t.he speech 
mechanism. A recent investigation illustrative of the paraljel activity of lips, 
Mw, tongue arid larynx was reported by Lindbloom and Sundberg (1971). 

Hov; difffcult it has been to consider co-articulation withjn the framework 
of the traditional respiration, phonation, articulatiori and resonation model. 
When instead, co-articulation is approached from the perspective of the Pump- / 
Valve Model , it is easy enough to see that each of the valves are adjusted at ' ^ 
different fates. Thus, the relatively, slow lip rounding or velar closfng must 
be anticipated several sounds before their target and might last several sounds 
after. If we assume that articulatory activity is monitored primarily by the 
private feedback loops (sUch as' taction and proprioception) rather than by public 
feedback loops (such as audition and vision), as suggested by Layne and Tranel 
(1971) > there are parallel neuraT pathways- leading to and from each of the valves 
to accomodate such mohitocing. • . 

The parallel monitoring of parallel activity within the mechanism could also 
be available for decoding as well as for encoding. In other words, the system 
we have available for self-monitoring may be useful for decoding the speech of 



others. This is consistent with the Motor Theory of Speech Perception (Liberman, 
1957). Also itHs'' consistent with the generative rules operation described as 
part of the Analysis by Synthesis Model of Speech Perception (Steven^, I960); 

As a phonetician, I have found the Pump-Valve Model to be particularly useful. 
It provides for a direct straightforward treatment of the speech code. Each of 
the articulators is given equal weight, the functioning of one is not emphasized 
at the expense of the others. The treatment of prosodic or .suprasegmental 
features such as pitch and loudness may be deferred until the segmental features 
are considered or they may" be omitted entirely if one sees fit to do so. 

/ SutOTBry : In sum, I have suggested that the traditional Respiration, Phonation, 
Articulation, Resonat ion Mode Kof speech production which permeates bur intro- 
ductory literature is not the only suitable model of this process. I have suggested 
an alternative, namely the Pump- Valve. Model , which derives from the Acoustic Theory 
of Speech Production. Also, I have showlTtha't This new model is consistant with 
other modern theories. In a simple (or perhaps simple-minded) fashion, it focuses 
upon the parallel mechanisms within the overall system and suggests relationships 
between their activities and thei r consequent sound code product. I hope you find 
it a useful tool for your purposes. Z^^^,*^ 
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